From most prior studies, the effect of information disclosure quality on stock price crash risk is negative.
Introduction
Traditional theory views stock price crash risk to be driven by asymmetric information. Large literatures investigate the relation between firm's information transparency and stock price crash risk. Their common point of departure is the notion that greater transparency and more complete revelation of firm-specific information should reduce crash risk (Jin & Myers, 2006; Bleck & Liu, 2007) . However, this view overlooks two points. First, the relation between opacity and crash risk may be not linear. That is to say, excessive transparent information disclosure may also increase crash risk. Second, an endogeneity bias may appear with popular information transparency measures based on firm's financial reports since management can select how to disclose information in financial reports.
Our investigation is firstly motivated by possible nonlinear relation between information opacity and crash risk. Financial economist and accountant have long viewed stock price changes tied to new information about firms' prospects. Excessive transparent information disclosure includes much noise and means more volatile price movements. The conjecture that excessive transparency may increase crash risk due to two effects: volatility feedback effect and overreaction effect. Volatility feedback effect shows that bad news have greater impact on volatility than good news (French, Schwert, & Stambaugh, 1987; Campbell & Hentschel, 1992) , thus generating negative skewness. Overreaction effect shows that investors overreact to new positive information, which cause a possible price bubble and then sow the seeds of crash risk (De Bondt & Thaler, 1985) . These two effects together increase crash risk with excessive transparent information.
Our investigation is also motivated by the endogenous link between information opacity and crash risk. Recent researches show that the lack of information transparency increases future crash risk by enabling managers to hide and accumulate bad news (Hutton, Marcus, & Tehranian, 2009; Jin & Myers, 2006; Kim, Li, & Zhang, 2011a; 2011b) . Extensive literatures measure transparency (or opacity) of information using several kinds of proxies and a popular one is earnings management, such as discretionary accruals, earnings aggressiveness, loss aversion, earnings smoothing, and so on (Dechow, Sloan, & Sweeney, 1995; Bhattacharya, Daouk, & Welker, 2003; Hutton et al., 2009) . Such kind of proxy is based on firm's financial reports, especially financial statements. We query whether the selective information disclosure behavior is dependent on firm's heterogeneity. If some heterogeneity involves crash risk, it will bring the endogenous link between information opacity and crash risk. Using the proxy based on financial statements could not avoid the endogeneity issue. We use market synchronicity R 2 as the proxy of information disclosure quality in this study, which is a market evaluation of firm-specific information opacity. Building on the above arguments and evidence, we conjecture two counter hypotheses: (1) Information disclosure quality decreases future stock price crash risk. This conjecture is supported by bad news hoarding leads to stock price crashes; and (2) Information disclosure quality increases future stock price crash risk. This conjecture is supported by excessive transparent information increases volatility, volatility feedback effects and overreaction effect. The above two effects may both exist and it needs investigation.
Chinese stock market provides a good sample to test the above two counter hypotheses. Firstly, Chinese stock market is an emerging market with high crash risk. Popular Chinese academic research considers that crash risk originates from insufficient regulations on firms' information disclosure, especially no enough punishments on opaque information disclosure, which makes it easier for firms to take bad news concealment actions. Secondly, Chinese stock market is an emerging market with a large number of individual investors and strict short-sale constraints. About 80% of circulation market value is owned by individual investors in China according to the statistics provided by Shanghai Stock Exchange. Individual investors are less skilled and more vulnerable to impact of surrounding environment which includes information and sentiment around. Strict short-sale constraints strengthen overreaction effect. Excessive transparent information causes unnecessary worries about firms' prospectus when bad news arrives and causes over optimism when good news arrives. Both of them increase crash risk.
This paper contributes to the literature in two ways. First, to our knowledge, this is a first study to show a nonlinear relation between information disclosure and crash risk, which adds to the recent stream of research on the sources and mechanisms of crash risk. Second, our research proposes an exogenous proxy to measure the impact of information disclosure quality on crash risk. We avoid possible endogenous link between information opacity and crash risk with those proxies based on firms' financial reports.
The remainder of the paper is structured as follows. Section 2 conducts a review of the related literature and presents our central predictions. Section 3 describes the data and the measurement of key variables. Section 4 presents the empirical analysis. Section 5 presents our conclusions.
Literature Review and Hypothesis Development
The link between information asymmetry and crash risk has been extensively discussed in the literature. When less firm-specific information is publicly available, information asymmetry becomes more severe, stock market synchronicity and crash risk both increase.
Several mechanisms could generate crash risk, or more generally, negative skewness in returns. For example, it is well-known that a wide range of incentives, such as compensation contracts, career concerns, and empire building, motivate managers to conceal adverse operating income (Ball, 2009; Kothari, Shu, & Wysocki, 2009) . If a firm's manager withholds and accumulates negative information for an extended period, the firm's share price will be severely overvalued, thereby creating a bubble. When the accumulated negative information reaches a tipping point, it will be suddenly released to the stock market, all at once, resulting in the bubble bursting and a stock price crash (Hutton et al., 2009; Jin & Myers, 2006) . Moreover, hiding bad news prevents investors and the board of directors from discerning negative net present value (NPV) projects at an early stage and forcing managers to take timely abandonment actions. As a result, the bad performance of negative NPV projects accumulates and eventually materializes, which results in asset price crashes (Bleck & Liu, 2007) .
Other sources of negative skewness focus on investors with heterogenous beliefs and short-sale constraints. Trading among investors who have different opinions could reveal the private signals of others and move prices even in the absence of new fundamental information (e.g., Romer, 1993) . In Hong and Stein (2003) , this process, combined with short-sale constraints, imparts an asymmetry in which market declines differentially reveal the private signals of relatively pessimistic investors. Such revelation could lead other investors to downgrade their assessments of a firm's prospectus, thereby reinforcing the decline.
Our empirical tests, however, are firstly motivated by both models set by Jin and Myers (2006) : volatility feedback effect and overreaction effect. Asymmetry character of stock returns was first proposed by Mandelbrot (1963) and it has been discussed extensively. Large studies show that bad news causes greater volatility than good news. The reason behind it may be feedback effect. Volatile price movements could cause investors to reassess market volatility and increase required risk premia. An increased risk premium reduces equilibrium prices, which reinforces the impact of bad news but offsets the impact of good news, thus generating negative skewness in return and then increasing crash risk (e.g., French et al., 1987; Campbell & Hentschel, 1992) . In recent 30 years, we find massive evidence for market inefficiency and one of them is overreaction effect. Prior studies show that in violation of Bayes' rule, most people tend to "overreact" to unexpected and dramatic news events (De Bondt & Thaler, 1985) . What's more, investors tend to overreact to positive information and this also increases crash risk.
Information disclosure is the main channel to reduce the information asymmetry. Information disclosure indicates that the firm's management authorities release information to shareholders, creditors, and other stakeholders publicly, including compulsory disclosure items required by regulatory rules and additional voluntary disclosure items. Since the U.S. Securities and Exchange Commission (SEC) formally proposed the term "transparency" in its designated international accounting standards IASC "core standards of high quality assessment" in 1996, "company transparency" gradually replaces the level of information disclosure and has become the mainstream of the research area. However, information disclosure quality or transparency is a relatively abstract concept and no global features can be directly observed and measured. Researchers can only select some of the dimensions or local features as a proxy for the overall information disclosure. Commonly used proxy variables include six categories: (1) the amount and frequency of information disclosure (Miller, 2002; Botosan, 1997; Lang & Lundholm, 1993; ; (2) specific information disclosure projects, such as the accuracy of earnings forecasts from the management authority (Coller & Yohn, 1997) ; (3) specific commitments or behaviors, such as the use of higher quality accounting standards (Bartov & Bodnar, 1996; Leuz & Verrecchia, 2000) ; (4) security analyst intensity which means the number of securities analysts tracking at a particular company (Lang & Lundholm, 1996) ; (5) earnings management, such as discretionary accruals, earnings aggressiveness, loss aversion, earnings smoothing (Dechow et al., 1995; Bhattacharya et al., 2003; Hutton et al., 2009 ); and (6) information disclosure index developed by authority. Some index, such as Transparency & Disclosure score developed by Standard & Poor's and CIFAR index developed by the Center for International Financial Analysis and Research (CIFAR), is mainly used to measure the transparency of the country or region. Some index, such as information disclosure index developed by Corporate Governance Research Center in Nankai University, and information disclosure assessment published by Shenzhen Stock Exchange, is used to measure the transparency at firm level.
In addition, the link between opacity and R 2 has been extensively discussed since Roll (1988) first
proposed R 2 from a modified index-model regression as a measure of the revelation of firm-specific news.
Their common point of departure is the notion that greater transparency and more complete revelation of firm-specific information should reduce R 2 (Morck, Yeung, & Yu, 2000; Piotroski & Roulstone, 2004; Durnev, Morck, Yeung, & Zarowin, 2003) . We adopt R 2 as the proxy for information opacity.
In an effort to isolate the effects of information disclosure quality, our specifications also include a number of control variables. These control variables include the relatively fixed firm characteristics, such as size, MB (market value to book value), financial leverage, operating performance, and shareholders' concentration. It has been documented by Chen, Hong, and Stein (2001) , Hutton et al. (2009) , and An and Zhang (2013) that size, MB, financial leverage, operating performance, and ownership significantly impact crash risk.
This study intends to provide comprehensive evidence on the relation between information disclosure quality and crash risk. Specifically, it tests the following hypotheses in an alternative form:
H1: All else being equal, information disclosure quality is negatively associated with stock price crash risk.
H1 predicts, in other words, a positive correlation between information opacity and crash risk. It implies that improving information disclosure transparency can reduce crash risk. The prediction of the negative relation between information disclosure transparency and crash risk is based on the incomplete information framework set by Jin and Myers (2006) . It is supported by bad news hoarding leads to stock market price crash.
H2: All else being equal, over excellent information disclosure quality is positively associated with stock price crash risk.
H2 is contrary to H1 and it implies that improving information disclosure transparency can increase crash risk. The prediction of the positive relation between information disclosure and crash risk is based on higher volatility caused by excessive transparency, volatility asymmetry and feedback effect and overreaction effect.
On the surface, the above two hypotheses are contradictory but maybe they both exist in practice. That indicates a nonlinear link between information disclosure quality and crash risk. Or to say, there is a turning point for information disclosure. If initial information disclosure is opaque, then improving information disclosure can reduce crash risk and H1 dominates the market. However, if initial information disclosure is good enough, then further improving information transparency can bring much noise and increase crash risk. H2 dominates the market.
Research Design Data Source and Sample
Information disclosure assessment for listed firms is a special service provided by Shenzhen Stock Exchange since 2001. Our sample period begins in 2001, which is as far back as we can get the official information disclosure assessments. Our sample period ends in 2012 which is the last year we have manually completed collection for information disclosure assessments data.
To construct other variables, we combine daily stock return data and annual financial data for all Shenzhen Stock Exchange listed A-share firms, from China Stock Market Accounting Research (CSMAR). We begin with all firm-years on CSMAR between 2001 and 2012. We do not include firm-years with insufficient financial data and then get a sample of 9,282 firm-years on 1,559 firms. We exclude firm-fiscal years with fewer than 30 trading days of stock return data and those firm-IPO years without assessments. Finally, we are left with a final sample of 8,395 firm-years on 1,410 firms.
Measuring Firms' Crash Risk
This study employs two measures of crash risk, which are constructed following previous studies in the crash risk literature.
The first measure of crash risk is the negative coefficient of skewness (NCSKEW) proposed by Chen et al. (2001) . Specifically, we calculate NCSKEW for a given firm in a fiscal year by taking the negative of the third moment of firm-specific daily returns for each sample year, and dividing it by the standard deviation of firm-specific daily returns raised to the third power. Thus for each firm j over any fiscal year period t, we compute NCSKEW as:
( 1) where R j,t represents the sequence of demeaned daily return to stock j during period t and n is the number of observations on daily returns during the period. Since the special trading mechanism of 10% daily price changes limit in Chinese stock market, we calculate five trading days rolling returns. These "daily returns" are, more precisely, actually log changes in price. We use log changes as opposed to simple daily percentage returns because they allow for a natural benchmark -if stock returns are log normally distributed, then an NCSKEW measure based on log changes should have a mean of zero. By putting a minus sign in front of the third moment, we are adopting the convention that an increase in NCSKEW corresponds to a stock having a more left-skewed distribution and then being more "crash prone".
The second measure we use is the down-to-up volatility (DUVOL) measure of crash likelihood from Chen et al. (2001) , which is computed as follows. For each firm j over a fiscal-year period t, we separate all the days with firm daily returns below the annual mean ("down" days) from those with firm returns above the annual mean ("up" days) and calculate the standard deviation for each of these sub-samples separately. The DUVOL measure is the log of the ratio of the standard deviation on the down days to the standard deviation on the up days. Thus, we have: (2) where n u and n d are the number of up and down days, respectively. Again, the convention is that a higher value of this measure corresponds to a more left-skewed distribution and then being more "crash prone". 
Measuring Information Disclosure Quality
We use R 2 to measure information disclosure quality. R 2 measures firm's synchronicity risk and has been received extensively as a proxy for information opacity. R 2 and residual returns are calculated from Capital Asset Pricing Model (single index model) regression:
where r j,t is the return on stock j in day t. RM t is the value-weighted market index: Shanghai Securities Composite Index (SSCI). 1-R 2 is a natural measure of firm-specific volatility or (lack of) market synchronicity, but it is bounded between zero and one, which creates complications for empirical estimation. We follow common practice (e.g., Morck et al., 2000) in defining idiosyncratic risk using a logistic transformation of R 2 , which can range from negative to positive infinity:
Thus, a high value for r 2 indicates a low level of idiosyncratic risk and then a high level of opacity.
Control Variables
Following prior literatures, our control variables include SIZE, defined as the log of the market value of equity at the end of the fiscal year; MB, defined as the ratio of the market value of equity to the book value of equity measured at the end of the fiscal year; LEV, defined as the book value of all liabilities scaled by total assets, again measured at the end of the fiscal year; ROA, defined as net income divided by the book value of total asset. This measure is directly disclosed by annual financial statements; and finally HHI, defined as summation of the squares of first three major shareholders' percentage.
Research Models
To test H1, we estimate the following four regressions that link our measures of crash risk to our proxies for information disclosure quality: (5) (6) where NCSKEW i,t is the negative skewness of daily returns for firm i in year t; and DUVOL i,t is the log of the ratio of the standard deviation on the down days to the standard deviation on the up days for firm i in year t. r 2 is an indicator of idiosyncratic risk for firm i in year t, which is defined by Equation (4). Equations (5) and (6) are estimated using panel data regression controlling year effect. H1 predicts a positive coefficient for r 2 .
To test H2, we augment Equations (5) and (6) with more information disclosure assessments and the square of r 2 as follows: 
Empirical Analysis Descriptive Statistics
Panel A of Table 1 presents the descriptive statistics for all the variables used in the analyses based on the sample of firm-years with non-missing control variables; Panel B of Table 1 presents the correlation matrix. As seen in Panel A of Table 1 , the mean value of NCSKEW is -0.051, which is much larger than zero suggesting that the sample of firm-years in our study is more crash prone.
Panel B of Table 1 shows that the two crash risk measures (i.e., NCSKEW and DUVOL) are highly positively correlated, with a ratio of 0.90. Firm's synchronicity risk r 2 is also positively correlated with crash risk, as measured by NCSKEW and DUVOL. In addition, SIZE, MB, ROA, and HHI are all negatively correlated with crash risk and LEV is positively correlated with crash risk. 
Main Regression Analysis
H1 predicts that information opacity is positively related to stock price crash risk because it facilitates bad news hoarding. However, H2 predicts an opposite relation between them. Table 2 presents the multivariate regression analyses for testing H1 and H2.
As shown in Table 2 , r 2 is highly significant with a positive coefficient, implying that firms with greater information opacity are expected to have higher crash risk, which is consistent with H1. However, we examine potential nonlinearities in the relation between opacity and crash risk by adding the square of r 2 to the list of explanatory variables. Adding this quadratic term causes the coefficient on r 2 to change a little but the coefficient of square of r 2 is positive and highly statistically significant.
The nonlinear relation could arise from two sources. First, higher r 2 implies higher stock synchronicity and fewer firm-specific information publicly available. Possible bad news hoarding increases potential crash risk. If so, the relation between opacity and crash risk would be convex with a steeper reduction in crash risk at a higher value of opacity. Alternatively, we might observe thresholds beyond which opacity is already so low that additional information disclosure does not substantially upgrade information flow quality and in this area noise dominates information flow. Noise information enlarges volatility feedback effect and overreaction effect. If so, we would find a concave relation between r 2 (or opacity) and crash risk. 
Conclusion
This study proposes a new hypothesis that information disclosure quality is nonlinear related to crash risk and finds Chinese stock market evidence to support it. We avoid possible endogeneity issue through focusing on the firms getting bad ratings and test the effect on its later impact on crash risk. These results are new and not entirely consistent with a theoretical model of crash risk based on information management. We identify one possible mechanism behind this nonlinear relation. Our study provides a new insight on the link between information disclosure quality and crash risk.
